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COSGC Street Cred
DATA‐CHASER ‐ Hitchhiker Class Space Shuttle Payload, STS‐85:
1995‐January 1997 ‐member of the thermal team, power team, 
power team lead, integration and test team
January 1997‐August 1997 – Member of the DATA‐CHASER mission 
operations system team 

Citizen Explorer:
May 1997‐May 1999 ‐
Team Lead, Mission 
Operations System
May 1999‐August 2000 ‐
Software System 
Team Member 
May 1999‐May 2001 –
Mission Operations Advisor 
August 2000‐May 2001 ‐
Software Team Lead 

Three Corner Sat:
August 2000‐May 2001 ‐
Member/Advisor Mission 
Operations System
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Located in Pasadena, CA, JPL is a Federally (NASA)‐owned Federally‐
Funded Research and Development Center (FFRDC), 

operated by the California Institute of Technology (Caltech)
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Nineteen spacecraft and ten instruments 
across the solar system (and beyond)

2/1/10 Elachi Google X Prize 4

ACRIMSAT

Spitzer

Two Voyagers

Cassini
CloudSat

GALEX

Deep Impact‐Epoxi

Stardust‐NExT

Dawn

Opportunity

Spirit

Mars Reconnaissance Orbiter

Mars Odyssey

GRACE

Wide‐field Infrared Survey 
Explorer (WISE)

Jason 1 and Jason 2(Plus ASTER, MISR, TES, MLS, AIRS, M3, 
MIRO, Herschel, Planck, and LRO Diviner 

instruments) 

Kepler

Decommissioned 3/24/11
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Looking ahead:  Missions and instruments to 
be launched in the near future

Mars Science Laboratory                   
Launch November 2011

Landing 2012

Aquarius                              

June 2011
Juno

August 2011

NuSTAR
February 2012

GRAIL
September 2011
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The data/information contained herein has been reviewed and approved for release by JPL Export 
Administration on the basis that this document contains no export‐controlled information.

Launch Year

MROMRO

Mars Express
(ESA)
Mars Express
(ESA)

OdysseyOdyssey

MERMER

2016 2018 2020 & Beyond20132011

ExoMarsExoMars
PhoenixPhoenix Mars Science LabMars Science Lab

Mars Sample 
Return
Mars Sample 
Return

2000 to Present

MAVENMAVEN

MERMER

Recent missions have discovered that Mars’ surface reveals a diverse and dynamic 
history, including evidence for sustained interactions with liquid water.
By studying a potentially habitable, ancient environment, MSL is a bridge to future 
missions that focus on life detection or returning samples.

MAX‐C RoverMAX‐C Rover

ESA‐NASA
Orbiter
ESA‐NASA
Orbiter

NASA’s Mars Exploration Program
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The Deep Space Network
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Unique Operational Experiences of 
Planetary and Deep Space Missions

• Communication restrictions
– Delayed knowledge of spacecraft state
– Limited data volume return
– Long light-time - It can take 10-20 minutes or 

longer to receive a transmission from Mars, 
depending on the current distance between 
Earth and Mars

– Impacts of orbital mechanics - Solar 
conjunction impacts our ability to 
communicate with our spacecraft at Mars for 
about 2 weeks every 2 Earth years

– The Deep Space Network is a limited 
resource – Multiple missions in contention

• Onboard automation
– Execution of pre-planned command 

sequences
– Response to anomalies (Fault Protection)

• Missions are scientifically unique, requiring science and engineering goals to 
be negotiated regularly

• Utilization of Relay Assets at Mars
• Working Mars Time
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Voyager 1 launched on September 5 1977, 
more than 33 years ago

Voyager 1 is flying nearly 11 billion miles from Earth, 
and is humanity's most distant spacecraft 

It takes ~16 hours for Voyager 1's radio signals to 
reach Earth

The signal from Voyager 1 is so weak, that the 
amount of power striking the antenna at the DSN is 
~20 Billion times less than  the power used to 
operate a modern‐day electronic digital watch

On March 8 2011, The spacecraft rotated 70 degrees 
to detect the solar wind. This was the first time the 
spacecraft had done any major maneuvering since 
1990
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The Mars Exploration Rover Mission
• Spirit and Opportunity

– Two mobile geologic 
laboratories 

– Conduct a geologic assessment 
of past environments on Mars 
at two distinct locations 
• Gusev Crater 
• Meridiani Planum

– Expected lifetime ~90 Martian 
sols 

– Mission success criteria called 
for 600 meter drive distance, 
(less than half a mile)

– The likely end of mission ‐
insufficient power due to dust 
build up on the solar arrays

Key Dates:
10 Jun 2003:  Spirit Launch
7 Jul 2003:  Opportunity Launch
4 Jan 2004:  Spirit Mars Landing (UTC)
25 Jan 2004:  Opportunity Mars Landing (UTC)
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Rover Deployed on Mars

High Gain
Antenna

(HGA)

Pancam 
Calibration 

Target

Low Gain
Antenna

(LGA)

Navcam (pair)

Pancam (pair)

Pancam Mast
Assembly (PMA)

Instrument
Deployment
Device (IDD)

Front
Hazcam

(pair)

Rocker-Bogie
Mobility System

In-situ Instruments (APXS, MB, MI, RAT)

Warm
Electronics
Box (WEB)

Solar
Arrays

Rover
Equipment
Deck (RED)

UHF
Antenna

Capture/Filter 
Magnets

• 179 kg

• 1.54 m from 
ground to 
Pancam eye 
level
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Athena Payload and Cameras
• Pancam – high-resolution (16°x16°) color 

panchromatic stereo cameras

• Mini-TES – a mid-infrared point spectrometer

• Microscopic Imager – close-up imaging of 
rock and “soil”

• Mössbauer Spectrometer – analysis of iron 
in rocks

• Alpha Particle X-Ray Spectrometer –
detects elements in rocks and “soils”

• Rock Abrasion Tool – used to remove outer 
surface of rocks for analysis of non-weathered 
rock material

• Magnets and calibration targets – To 
collect iron containing dust and for comparison 
to known sources

• Engineering cameras
• Navcam – wide-angle stereo cameras (45°x 

45°) used for traverse planning
• Hazcam – very-wide-angle (120°x120°) 

stereo cameras used for identifying potential 
hazards to rover driving and arm movement

Pancam

MI
MB

APXS

RAT

Mini-TES
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Working Mars Time
• 1 Day or “Sol” on Mars is equivalent to 24 Hours, 40 Minutes on Earth
• The work shift then starts 40 minutes later each (Earth) day
• Working Mars time Provides maximum number of work hours between 

when critical operations conclude for the day on Mars (when data is 
downlinked) and the time we uplink the next Sol’s commands the next 
morning

• Mars time allows key spacecraft and ground events to be tightly 
coordinated
– Sol n afternoon downlink triggers uplink planning process (downlink analysis, 

science planning meetings, activity plan approval, command and radiation 
approval) which must complete in time for sol n+1 uplink 

– Spacecraft and ground activities happen at a consistent time on the Mars 
clock

• Personnel have clear understanding of when spacecraft events will occur
– Easy to know what’s happening on Mars right now

• Although sustainable from a physiological perspective, working Mars time 
incredibly disruptive of team members' personal lives and can lead to 
fatigue‐related symptoms
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MER Surface Operations Cycle

Assess and Analyze

Generate Data Products

Plan Observations and Measurements

Integrate Activity Plan

Sequence and Simulate

Prepare Command Products

Opportunity: SOL 272 SKELETON -1.3 Ahr
Predicted 
Energy Margin

no deep sleep/2nd Switchback Drive Thursday
Start End DUR CPU

HGA 22720 10:40:00 11:00:00 0:20:00
Eng Keepout/MTES   11:02 11:15 0:13 1
Comm Blip 11:04 11:09 0:05
Drive 11:15 11:45 0:30 1
visodom 11:45 13:15 1:30 1

Post drive imaging + Tau 13:15 14:00 0:45 1
Shutdown 14:00 0:09 1
NAP 14:00 16:44 2:44
VME on 0:06 1
ODY Mtes & Disable D.S. (e2023) 16:44 17:09 0:25 1
RUHF 42721 14:59:52 15:12:53 0:13
RUHF 42723 (30Mb) 16:52:32 17:08:45 0:16
Shutdown 17:12 0:09 1
NAP 17:12 3:36 10:23
Wakeup  0:14 1
RUHF 42730 (60Mb) 3:36 3:52 0:15 1
RUHF 42732 5:22 5:35 0:13
Shutdown 3:52 0:09 1
Wakeup 0:06 1
SA stomp- heating - cloud observation 8:00 8:45 0:45 1
Shutdown 8:45 0:09 1
Wakeup 0:06 1
AM Science (note: late HGA = longer science) 10:35 11:19 0:44 1
HGA 22730 10:59:59 11:19:59 0:20:00

Communicate

Test (if needed)

Execute
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• Dust accumulation on the rovers’ solar arrays was expected to significantly limit their 
performance soon after completion of the 90‐sol prime mission

• Wind gusts effectively swept dust off the solar arrays, increasing power intake

• Both rovers have experienced “dust cleaning” events, significantly extending the life 
of the mission

Spirit Calibration target sol 426 and 433
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• Dust storms on Mars darkened skies over both Spirit and Opportunity in June, 
2007

• The rovers rely on electricity that their solar panels generate from sunlight
• Dust can degrade the performance of our cameras and science instruments
• Both rovers were commanded into very low power usage configurations
• After about six weeks of hunkering down during the raging dust storms, both 

of the rovers resumed normal operation
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Where are they now?
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Opportunity's Martian 
Traverse Through Sol 2442

Santa Maria Crater

Victoria Crater

Endeavour Crater

Endurance Crater

Eagle Crater

Opportunity at Santa Maria Crater, image 
taken via HiRISE instrument aboard the 
Mars Reconnaissance Orbiter (MRO)
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• April 2009, the Spirit team was working to diagnose a series of reboots and amnesia events, in 
which Spirit unexpectedly fails to record data into the flash memory

• Root cause remains undetermined, the team resumed nominal operations while the 
investigation continued

• May 2009, Spirit began to become embedded in soft soil, embedding became deep enough that 
there was concern that the rover belly could be in contact with rocks beneath the rover

• An additional challenge, Spirit’s right front wheel had stopped operating in March 2006
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• An extensive test campaign began to aid the extrication effort 
• The testbed setup included a mixture of powdered clay and diatomaceous 

earth to simulate the physical properties of the soil we encountered on 
Mars, as well as placement of a rock under the rover belly
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• November 2009, While drive minimal progress had been made, Spirit experienced a stall in the 
right rear wheel

• Diagnostics on the wheel stall were not promising, and the wheel remained immobile
• However, some motion was observed on the right front wheel, though this was inconsistent
• Final drives in preparation for the Martian winter were performed using Spirit’s 4 remaining 

working wheels, and while some small progress was observed, Spirit was unable to achieve a 
favorable tilt  

• Without a favorable tilt for the winter, Spirit, as expected, went into a low‐power hibernation 
mode 
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Spirit has not communicated since March 22, 2010. 

On July 26, 2010, the team began using a paging technique called "sweep and 
beep" in an effort to communicate with Spirit. 

If the rover has enough power to wake up, the rover would respond with a 
“beep” 

During the Martian winter with most heaters turned off, Spirit experienced 
colder internal temperatures than in any of its three previous winters on Mars

The cold could have damaged any of several electronic components that, if 
damaged, would prevent reestablishing communication with Spirit

The time has passed where the team would expect to hear from Spirit due to the 
seasonal increase in solar energy 

The team is currently pursuing communication strategies designed to address 
more than one problem on the rover, including hailing from the Mars orbiters for 
extended periods of time and attempting to use the backup transmitter on the 
rover 
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Milestones
• Since landing, the rovers have: 

– Enabled significant scientific research in Martian geology, atmospheric 
science, mineralogy, geochemistry, rock/soil physical properties,  Astronomy, 
and more

– Provided evidence contributing to the Martian water history story
• The MER science team has amassed an enormous amount of data and the 
resulting discoveries cannot be adequately addressed in this presentation

– Lasted more than 27 times longer than the expected 90 Sol mission! (and 
counting!)

– Been operating on the surface for more than 7 Earth years and 3.5 Martian 
years!

– Opportunity has survived 4 Martian winters! 
• Spirit has survived 3 Martian winters + (TBD)

– Survived a potentially fatal dust storm!
– Taken a combined total of more than 270,000 images!
– Driven more than a combined total of over 34 kilometers! (more than 21 

miles!)
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Mars Science Laboratory
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SURFACE MISSION

• Prime mission is one Mars year
• Latitude-independent and long-lived 

power source
• 20-km range
• 85 kg of science payload
• Acquire and analyze samples of rock, 

soil, and atmosphere
• Large rover, high clearance; greater 

mobility than MPF, MER

ENTRY, DESCENT,  LANDING

• Guided entry and controlled, 
powered “sky crane” descent

• 20×25-km landing ellipse

• Discovery responsive for landing 
sites ±30º latitude, <0 km 
elevation

• ~1000-kg landed mass

CRUISE/APPROACH
• 9-10 month cruise

• Spinning cruise stage

• Arrive N. hemisphere summer

LAUNCH

• Nov. 2011

• Atlas V (541)

* Artist’s Renderings 

*

*

MSL Mission Overview
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Chemistry and Mineralogy (CheMin)
Mineralogy of rock and soil samples

Sample Analysis at Mars (SAM)
Composition and isotopes of rock, 
soil, and air samples; organics

Mast Cameras (Mastcam)
Color imaging and video

Medium and high resolution

Chemistry and Camera 
(ChemCam)

Chemical composition
High-res imaging

Mars Hand Lens Imager 
(MAHLI)

Color microscopic imaging

Alpha Particle X-Ray 
Spectrometer (APXS)
Chemical composition

Rover Environmental 
Monitoring Station (REMS)

Meteorology and UV

Radiation Assessment Detector (RAD)
Natural high-energy radiation

Dynamic Albedo of 
Neutrons (DAN)
Subsurface hydrogen

Mars Descent Imager (MARDI)
Color high-definition descent movie

Sampling System
Arm, powdering drill, brush, scoop, and sieves

ON THE TURRET:

INSIDE THE ROVER BODY:

NOT VISIBLE:
Power Source

Antennas

Sample Inlets

Spare Drill Bits
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Curiosity Cam
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Rover Mobility Installation
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Robotic Arm Installation
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Rover Drive Testing
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Rover Arm Preload Testing
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Alumni Postcards
from JPL
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